The Khuzestan province in south-western Iran is the centre of Persian Arab horse breeding and training. The present study was aimed at determining the prevalence of Theileria equi in the equids of this province. A total of 165 blood samples from healthy Persian Arab horses from twenty four stables were examined for the presence of T. equi infection using molecular methods. For detection of T. equi, primers targeting the 18SrRNA gene were selected. The PCR method gave 47 (28.5%) positive results. Age (P = 0.68), sex (P = 0.88), contact with cattle (P = 0.26) and type of activity (P = 0.06) were not determined as risk factors for T. equi infection in this study. However, there was a significant geographical variation in the prevalence of T. equi infection ranging from 8.3% (2/24) in Shushtar to 55.6% (10/18) in Ramhormoz (CI, 2.46-76.82) (P = 0.003). In conclusion, equine theileriosis has the potential of posing a significant problem for Iran's Persian Arab horse industry and should remain a major concern to the horse community and regulatory agencies.
Equine piroplasmosis (EP) is an important tickborne protozoan disease that poses a serious threat to the horse industry and has important implications for the international movement of horses (Friedhoff et al. 1990 ). The disease is caused by Babesia caballi and/or Theileria equi and is endemic in many tropical and subtropical areas as well as in some temperate regions (De Waal 1992) . The host spectrum of these parasites consists of different equid species (horse, donkey, mule and zebra). Altogether, 21 species of ixodid ticks of the genera Dermacentor, Hyalomma and Rhipicephalus are listed as vectors for equine piroplasms (APHIS 2008) . Theileria equi and B. caballi infections are generally characterised by fever, anaemia, icterus and haemoglobinuria. In acute cases death may occur from one to four weeks after the onset of clinical signs and these infections are therefore of considerable veterinary economic importance, particularly to the horse breeding industry (Kuttler 1988; Schein 1988) . In chronic and subclinical cases, despite the absence of obvious clinical signs, infected horses can carry the piroplasms in their blood for many years and these carrier animals are thought to be responsible for the maintenance of infection (Schein 1988) . In general, T. equi is more virulent than B. caballi and also the cost of B. caballi infection to the racing industry is less severe than that of T. equi because infection in carrier animals can be sterilised by suitable drug treatment, whereas T. equi infection may be suppressed by chemotherapy but not eliminated (De Waal and Van Heerden 2004) . The prevalence and risk factors of equine theileriosis caused by T. equi have been the focus of epidemiological studies in recent years. Studies from countries surrounding Iran such as Saudi Arabia (Alanazi et al. 2012) , Kuwait (Donnelly 1980a) , Oman (Donnelly et al. 1980a) , Turkey (Sevinc et al. 2008; Karatepe et al. 2009 ), Iraq (Al-Saad 2009 and United Arab Emirates (Jaffer et al. 2010 ) as well as from other countries, found varying degrees of parasite prevalence. There is a considerable population of Arab horses in the Khuzestan province, in south-western Iran, and the province is the centre of Persian Arab horse breeding and training. Also, Khuzestan has been hosting races for several years with the number of participants increasing yearly. Since it seems that equine theileriosis is endemic in Iran (Bahrami et al. 2014) , the identification of risk factors associated with T. equi infection may play a role in the adoption of control measures. Moreover, epidemiological evidence may facilitate a better understanding of the mechanisms by which T. equi is spread in host populations. However, more information on the distribution of EP and its endemicity is required to build a national control strategy against the disease. There is very little information on equine theileriosis in Iran and no information is available on the prevalence and risk factors related to T. equi in Persian Arab horses; therefore, the present study was designed to establish the prevalence of T. equi in equids of the Khuzestan province where Arab horse populations are high, to determine whether there exists enzootic stability for T. equi in the southwest of Iran, and to identify factors associated with the infection in equids.
MATERIAL AND METHODS
The study was conducted in Khuzestan, a southwestern province of Iran from December 2011 to July 2012. Khuzestan province has an area of about 64 236 km 2 (Statistical book of Khuzestan province, 2006). The province has hot and wet summers, a mild spring and cold winters ( Figure 1 ).
Blood samples. In this study, blood samples were taken from 165 Arab horses based at stables. Samples were collected between September 2013 and March of 2014. Analysed samples originated from seven geographical regions within Khuzestan province (18.1% were from Ahvaz, 15.8% were from Shush, 14.5% were from Dezful, 14.5% were from Shushtar, 13.9% were from Abadan, 11% were from Ramhormoz and 12.2% were from Baghe-Malek). Twenty four randomly selected farms participated in this study. On average, 20% of the total numbers of animals in the farms were sampled. The farms had acceptable management (animals reared in stalls, fed with forage and concentrate rations, systematic control of ticks with frequent veterinary care). There were 118 (71.5%) mares and 47 (28.5%) stallions. Blood samples were obtained from a total of 165 animals which consisted of 42 horses less or equal to two years old and 123 horses more than two years old. The blood samples were collected from the jugular vein into sterile vacuum tubes containing EDTA and kept at -20 °C pending analysis. For statistical analysis, the following factors were included: collection area; sex; age (less or equal to two years and more than two years); equid farm activity (sports, exhibition, farming and breeding) and close contact with cattle (yes or no). All horses were healthy at the time of blood collection.
DNA extraction and polymerase chain reaction (PCR) amplification. DNA was extracted using a genomic DNA purification kit (Cinna Gen, Iran). For detection of T. equi, primers targeting the 18S rRNA gene were selected from the literature (Alhassan et al. 2005) . The forward primer (BEC-UF2) had the sequence 5'-TCGAAGACGATCAGATACCGTCG-3' and the reverse primer Equi-R had the sequence 5'-TGCCTTAAACTTCCTTGCGAT-3', yielding a 392 bp product. PCR reactions included a negative control, consisting of the reaction mix and 2 µl of DNase/RNase-free water and a positive control that consisted of a DNA sample from the blood of a horse with clinical theileriosis. All PCR reactions were performed in a 20 µl mixture consisting of 10 µl Taq master mix, 1µM primers and 5 µl DNA template. PCR cycling included an initial denaturation step at 94 °C for 3 min, followed by 30 cycles of denaturation at 94 °C for 45 s, annealing at 60 °C for 50 s and extension at 72 °C for 60 s. This was followed by a final extension step at 72 °C for 5 min. PCR products were electrophoresed in 1.5% agarose in Tris-acetate-EDTA (TAE) buffer, and stained with ethidium bromide to visualise the Statistical analysis. Fischer's Exact and Chisquared tests were used to compare infection percentages among different age, sex, location, and equids farm activity groups. P-values of < 0.05 were considered statistically significant.
RESULTS
Samples were considered positive if a band of approximately 435 bp was amplified, similarly to that of the positive control, which had been verified by sequencing as T. equi. The overall prevalence of T. equi in Arab horses was 28.5% (47/165). Of the 47 positive samples, five were sequenced in order to verify the positive result. All sequenced samples were found by BLAST analysis to be closest to the T. equi 18S rRNA gene in GeneBank with a similarity of ≥ 98%. Based on the results, 13 out of 47 stallions (27.6%) and 34 out of 118 mares (28.8%) were found to be positive (CI, 0.5-2.25). Therefore, in terms of sex, there was no significant difference between the prevalence percentage of infection in stallions and mares (P = 0.88). The prevalence of infection in horses under two years of age was 30.95%, while a prevalence percentage of 27.64% was detected in horses older than two years (CI, 0.55-2.52). Thus, based on these results, age was not identified as a risk factor for T. equi infection in this study (P = 0.68). The odds of racehorses being infected with T. equi were approximately two times greater than in animals from the stud farm (38.2% vs. 23.63%; CI, 0.99-4.02), but the difference was not significant (P = 0.06). The odds of the infection in equids reared without contact with cattle was 1.75 times greater than in animals kept in close contact with cattle (CI, 0.66-4.59) but again the difference was not significant (P = 0.26). There was, however, a significant geographical variation in the prevalence of T. equi infection, ranging from 8.3% (2/24) in Shushtar to 55.6% (10/18) in Ramhormoz (CI, 2.46-76.82). The odds of infection in horses in Ramhormoz were 13.75 times greater than in animals kept in Shushtar (Table 1) . 
DISCUSSION
Equine theileriosis is a notifiable disease (OIE 2010) with a wide distribution. Subclinical infections have particular relevance to the horse-racing industry where the geographical movement of presumably healthy horses may aid in the spread of T. equi or where subclinical infection may negatively affect the animal's performance. It has also been shown that strenuous exercise, such as that experienced by racehorses, can cause subclinical infections to become acute (Hailat et al. 1997 ). Due to concerns about importing T. equi into non-endemic regions, the World Organization for Animal Health (OIE) implemented a mandatory screening process for the international movement of horses. Several molecular techniques for the detection of T. equi and B. caballi have been described. These methods are based on species-specific PCR amplification of mainly the 18S rRNA gene (Tenter and Freidhoff 1986; Bashiruddin et al. 1999; CriadoFornelio et al. 2003) . The Khuzestan province is the main centre of Persian Arab horse breeding and training in Iran and the province has been hosting international and national races for several years. Therefore there was an urgent need to investigate the presence of infections such as T. equi among the Persian Arab horses. The present study shows T. equi to be prevalent in all areas sampled, with an overall prevalence rate of 28.5%. No apparent tick infestations were observed on horses during the sampling time. However, potential tick vectors may be present in the sampled region. In our previous study the molecular prevalence of T. equi was 22.86% in horses in central Iran (Bahrami et al. 2014) . Abedi et al. (2014) found 45% of horses on the north-eastern border of Iran to be infected with T. equi. Thus, overall, it has been demonstrated that T. equi is present in horses in Iran. Similar studies conducted in countries neighbouring Iran described T. equi prevalence rates among horses of 10.4% in Saudi Arabia (Alanazi et al. 2012) , 77.1% in Kuwait (Donnelly et al. 1980b) ; 97.75% in Oman (Donnelly et al. 1980a), 12.8-16 .21% in Turkey (Sevinc et al. 2008; Karatepe et al. 2009 ), 81.11% in Iraq (Al-Saad 2009 and 32.45% in the United Arab Emirates (Jaffer et al. 2010) .
No significant differences in the frequency of T. equi infections were observed between various groups (age, sex). However, the odds of racehorses being infected with T. equi were approximately two times greater than in animals with reproductive activities. Since the farms participated in the present study had acceptable management the difference may be related to stress factors. Racehorses participate in high-intensity exercise when they are getting ready for a race. Heavy exercise is a well-known physical stressor that may temporarily compromise the immune system and immunocompromised animals have been shown to be more susceptible to infection compared with their immunocompetent counterparts (Hodgson, 2002; Sevinc et al. 2008) . In the present study the odds of infection in equids reared without contact with cattle was 1.75 times greater than in animals kept in close contact with cattle although this difference was not significant. The Rhipicephalus microplus tick is known to transmit T. equi (Guimaraes et al. 1998; Ueti et al. 2008) . Cattle are the primary host for R. microplus, and infestation of horses with this tick is dependent on the presence of cattle in the same area (Labruna et al. 2001) . However, the proximity of equids to cattle was not associated with positivity for T. equi in this study, probably due to the fact that this was an enzootic stability area for this agent. Furthermore, other forms of transmission are possible, such as an iatrogenic route through infected blood (Tenter and Friedhoff 1986) , transplacentally (Allsopp et al. 2007 ) as well as congenital transmission (Santos et al. 2008 ). In the current study we found significant regional differences in prevalence. The highest prevalence, 55.6%, was found in Ramhormoz followed by Abadan (39.1%) while the lowest prevalences were in Shushtar and Baghe-Malek, respectively. In some studies marked differences in positivity between geographical areas were attributable to differences in the management of the horses including their nutrition and tick control (Salim et al. 2008) , host activity (Kouam et al. 2010) , and differing climates (Moretti et al. 2010) . Since all the farms participating in the present study provided comparable conditions for their horses, it is likely that other factors are responsible for these regional differences. Many studies have implied that there is a negative association between tick population and altitude. Shushtar (8.3%) and Baghe-Malek (15%) had the lowest infection rates and are the regions with the highest altitude studied here. Since at high altitude the climate may interfere with the life cycle of the tick vector, increasing altitudes could reduce the likelihood of horse infection.
In conclusion, equine theileriosis has the potential to be very disruptive to Iran's Persian Arab horse industry and should remain a major concern to the Arab horse community and regulatory agencies.
